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ABSTRACT 

Objectives: Resective epilepsy surgery is currently a 
standard treatment for intractable epilepsy. Seizure 
freedom and discontinuation of antiepileptic drugs are 
the ultimate goals of epilepsy treatment. This study 
was carried out to delineate (1) possible differences in 
the success rate of epilepsy surgery 6 and 24 months 
after surgery; and (2) the clinical predictors of a good 
response to surgery. 

Setting: This is a cohort study performed at a tertiary 

care unit of a university hospital. 

Participants: In this cohort study, 189 adults with 

intractable epilepsy who underwent epilepsy surgery 

were included. We collected clinical data at three time 

points, that is, preoperative and 6 and 24 months after 

surgery. 

Primary and secondary outcome measures: 

Engel class l-IV classification was the primary 
outcome measure of epilepsy surgery. The authors 
statistically adjusted Engel class l-IV classification for 
postoperative changes in antiepileptic drugs and used 
this new classification as a secondary outcome 
variable. 

Results: The success rate was 78.8% 6 months after 
surgery and increased to 88.3% 24 months after 
surgery. This success rate was reflected not only by 
the reduced number of seizures postsurgery, but also 
by a reduced dosage and use of antiepileptic drugs. 
Logistic regression analysis showed that a successful 
outcome of surgery is predicted by having temporal 
rather than extratemporal lobe epilepsy and less than 
nine presurgery seizures per month, while a positive 
familial history of epilepsy, younger age and dysphoric 
symptoms, the first 3 months after surgery, 
significantly worsened the outcome of surgery. 
Duration of illness, age at onset, epilepsy location, type 
of lesions and the presence of psychosis were not 
significant in predicting treatment outcome. 
Conclusions: These findings have clinical relevance in 
that a better selection of patients based on the 
significant clinical predictors will increase the success 
rate of epilepsy surgery and treatment. 



Strengths and limitations of this study 



The authors analyse a large series (n=189) of 
consecutively admitted patients with refractory 
epilepsy who underwent epilepsy surgery and 
delineate the differences in surgical outcome 
between 6 and 24 months after surgery, clinical 
predictors of good surgical outcome (Engel 
class I) and the effects of withdrawal of antiepi- 
leptic drugs (AEDs). 

This is the first study that adjusts the results of 
epilepsy surgery outcome data for changes in 
AEDs. The authors propose that Engel's classifi- 
cation into four classes may not be adequate 
because postsurgery patients allocated to an 
Engel class who had their AEDs discontinued or 
reduced differ from those belonging to the same 
Engel class but who had an increased or 
unchanged AED intake. Therefore, the authors 
suggest that the Engel class classification should 
be refined taking into account postoperative 
changes in AED status. 

The shorter follow-up period (24 months) is a 
limitation of the study. The high success rate of 
epilepsy surgery in this study (ie, 88.3% at 
24 months) may be explained by our strict selec- 
tion criteria. This cohort comprises 2% 
MRI-negative epilepsy and >90% temporal lobe 
surgery patients, and therefore our findings 
cannot be readily extrapolated to more heteroge- 
neous cohorts. 
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INTRODUCTION 

In most state-of-the-art epilepsy units, resec- 
tive epilepsy surgery is currently the standard 



treatment for intractable epilepsy. Generally, 
the success rate, defined as a seizure-free 
status or Engel class I, is between 62% and 
71%, as compared to 14% in non-operated 
cases/ ^ For example, in the Epilepsy Unit of 
King Chulalongkorn Memorial Hospital, 
Bangkok, Thailand, the success rate 
24 months after surgery is 66.7% as com- 
pared to 5% in cases without surgery.^ 
Clinical experience is that some patients with 
epilepsy who are non-responders to surgery 
in the first few months after surgery become 
seizure free and thus responders some 
months later. 
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In order to improve the success rate to epilepsy 
surgery, selection criteria for surgery based on clinical 
and biological characteristics of responders and non- 
responders should be delineated. Neurological predic- 
tors include type of resection, preoperative aura, 
presence of postoperation spikes,^ extratemporal resec- 
tion, simple partial seizure,^ long seizure duration, 
number of seizures per month at baseline, secondarily 
generalised seizures and ictal dystonia.^ It is debated 
whether psychiatric problems may modulate the 
outcome to epilepsy surgery. Some studies show that pre- 
operative psychiatric diagnoses may predict a negative 
outcome to epilepsy surgery. Other studies, however, 
report that a history of psychiatric diagnosis is not a pre- 
dictor for surgery outcome. It has remained elusive, 
however, whether clinical variables, such as duration of 
illness, type of epilepsy, epilepsy location and a familial 
history of epilepsy, may predict a good outcome, and 
whether a combination of these and other factors may 
improve the prediction. 

To complicate matters, discontinuation of antiepileptic 
drugs (AEDs) may interfere with surgery outcome. 
Surgery may allow to taper down or even discontinue 
AED intake in some patients after epilepsy surgery. On 
the other hand, tapering down AEDs may cause seizure 
recurrence in about a third of patients. This indicates 
that when assessing epilepsy surgery outcome, one has 
to take the AED state into account. This may also indi- 
cate that Engel's classification into four classes is not 
always adequate. For example, it is obvious that there is 
a difference between postsurgery patients allocated to 
an Engel class and who had their AEDs discontinued or 
reduced and those belonging to the same class but who 
had an increased or unchanged AED intake. One 
approach is to adjust the Engel classes for postoperative 
changes in AED state. 

This study was carried out to delineate (1) the success 
rate of epilepsy surgery 6 and 24 months after surgery as 
assessed by means of Engel classes; and (2) clinical pre- 
dictors of a good treatment response while adjusting for 
the effects of discontinuation or reduction of AEDs on 
this prediction. 

PATIENTS AND METHODS 

This is a cohort study performed at the Comprehensive 
Epilepsy Unit, King Chulalongkorn Memorial Hospital, 
Bangkok, Thailand. We consecutively included (from 
October 2005 until June 2008) all patients with intract- 
able epilepsy who were selected for epilepsy surgery and 
attended the Comprehensive Epilepsy Unit for post- 
operative evaluations. One hundred and eighty-nine 
patients were included in this study. We collected data at 
three different time points, that is, preoperation, and 6 
and 24 months after surgery. We collected sociodemo- 
graphic data, age at onset, duration of illness, familial 
history of epilepsy, number of seizures per month before 
and 6 and 24 months after surgery, use of AEDs (type 



and dosage) before and 6 and 24 months after surgery, 
using semistructured interviews performed by a trained 
master degree research psychologist. Epilepsy-related 
characteristics, including epilepsy location and type of 
epilepsy, were rated by senior neurologists using neuro- 
logical, medical and neurosurgical records, 24 h EEC 
reports and brain imaging techniques, that is, MRI. The 
postsurgery data at 6 and 24 h were used to make the 
Engel class diagnoses in class I (no disabling seizures), 
class II (almost free of seizures), class III (worthwhile 
improvement with >50% reduction in disabling seizures) 
and class IV (no worthwhile improvement). The psychi- 
atric Diagnostic and Statistical Manual of Mental 
Disorders, Fourth Edition (DSM-IV) diagnosis psychosis 
(before surgery) was made by a trained master degree 
research psychologist and a senior psychiatrist using the 
Mini International Neuropsychiatric Interview (MINI) in 
a Thai validated version. Dysphoric disorder was 
defined as an emotional response within the first 
3 months after epilepsy surgery characterised by labile 
mood, crying spells, behavioural outbursts, sleep pro- 
blems, concentration disorders and/or irritability. All 
participants gave written informed consent to 
participate. 

STATISTICS 

We used analyses of contingency tables (x^ tests) or 
Fisher's exact probability test to check differences in the 
distribution of variables among two or more study 
groups. Relationships between variables were assessed 
using Pearson's correlation coefficients. General and 
generalised linear model analyses were used to predict 
dependent variables by means of different explanatory 
variables. We used analyses of variance (ANO\A) in 
order to ascertain differences in continuous variables 
between two and more study groups. Multiple post hoc 
differences were assessed by means of Tukey's tests. 
Binary logistic regression analysis was used to define the 
associations between a dichotomous dependent variable 
and a set of independent variables. We used the logistic 
regression coefficients of the explanatory variables in 
the final equation to estimate ORs with CIs. We used the 
sign test to assess the differences in the Engel classes 
(considered as ordinal scaled variables) 6 and 
24 months after epilepsy surgery. The sign test is a non- 
parametric test statistic which can be employed to test 
paired samples of ordinally scaled variables and which 
uses only directional and not magnitude information. 
The effects of epilepsy surgery on the discontinuation of 
AEDs were analysed using the McNemar test, a non- 
parametric test to analyse differences in repeated mea- 
surements (RMs) of binary data. The surgery effects on 
the number of seizures and AED use was analysed using 
factorial RM design ANO\A or the Wilcoxon 
signed-rank test, a non-parametric test used to check dif- 
ferences in pairs of data. The results of parametric tests 
were checked using non-parametric tests including 
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Table 1 Engel class classifications in 189 patients, 6 and 
24 months after epilepsy surgery 



Engel classes 



24 months 



6 months 



IV 



I 

144 
10 
0 
13 



III IV 

1 1 
3 0 

2 0 
2 4 



The distribution of the patients in classes l-IV is significantly 
different between months 6 and 24 (sign test: z=-3.17, p=0.002, 
negative differences=28, positive differences=8 and ties=153). 



Spearman's rank order correlation coefficients and the 
Kruskal-Wallis test. Data were analysed using SPSS. There 
were no missing values in our data set. Statistical signifi- 
cance was set at a=0.05 (two tailed). 

RESULTS 

Characteristics of Engel classes 

Table 1 shows that there was a significant difference in 
Engel class distribution between the two time points. 
The sign test showed that there were significantly more 
negative differences than positive differences, indicating 



that some patients improved from month 6 to month 24. 
For example, 6 months after surgery, 149 patients were 
allocated to class I, while 24 months after surgery, 167 
were allocated to class I. Twenty-three patients who were 
allocated to Engel classes II, III or IV 6 months after 
surgery were reallocated to Engel class I 24 months after 
surgery, showing that their status had improved. We have 
analysed whether any of the variables listed in table 2 
was associated with this subgroup of patients who had 
improved, but not one of the variables was significant. 
For example, there were no significant associations 
between improvement in Engel class classification and 
family history of epilepsy (x^=1.16, df=l, p=0.281), tem- 
poral lobe epilepsy (TLE) versus extratemporal lobe epi- 
lepsy (ETLE; p=0.415 by Fisher's exact probability test) 
and type of epilepsy (p=0.599 by Fisher's exact probabil- 
ity test). In order to examine possible associations 
between the improvement in Engel class classification 
and use of AEDs, we have performed RM design 
ANOWs with dosage of AEDs at 6 and 24 months as a 
time factor and improvement in Engel class I classifica- 
tion as a factor. We found a significant time x group inter- 
action only for levetiracetam dosage (F=5.47, df=l/187, 
p=0.02). Logistic regression analysis with use of AEDs 



Table 2 Dennograpliic data and Engel classification 24 months after surgery in 189 patients VHHHHHI^^^^^I 


Variables/predictors 


Engel class 
1 


Engel class 
II 


Engel class 
III 


Engel class 
IV 




df 




p Value 


Age (years) 


37.4 (±9.6) 


38.9 


(±9.0) 


45.0 (±7.5) 


28.2 (±8.8) 


3.34 


3/1 


85 


0.020 


Duration illness (years) 


23.0 (±10.8) 


22.1 


(±11.7) 


29.0 (±14.7) 


20.5 (±6.9) 


0.89 


3/1 


85 


0.444 


Age at onset (years) 


14.5 (±9.4) 


16.8 


(±6.2) 


16.0 (±7.9) 


7.7 (±14.5) 


1.17 


3/1 


85 


0.324 


Gender (male/female ratio) 


83/84 


6/3 




6/2 


1/4 


0.69 


1 




0.406 


Number of seizures prior to epilepsy 


8.5 (±13.4) 


35.9 


(±70.7) 


26.4 (±30.3) 


65.6 (±124.6) 


10.35 


3/1 


85 


<0.001 


surgery 




















Number of seizures after epilepsy 


0.00 (±0.00) 


1.71 


(±1.51) 


9.0 (±9.4) 


91.8 (±137.8) 


33.13 


3/1 


85 


<0.001 


surgery 




















Focal vs focal with secondarily 


160/7 


9/0 




8/0 


4/1 


-0.01* 






0.764 


generalised seizures 




















TLE vs ETLE 


156/11 


7/2 




7/1 


1/4 


14.36 


1 




<0.001 


Epilepsy location 












See text 








Right 


83 


6 




3 


3 










Left 


80 


3 




5 


1 










Bilateral 


3 


0 




0 


1 










Middle 


1 


0 




0 


0 










Lesion 












See text 








Hippocampal sclerosis 


128 


7 




5 


0 










Tumour 


28 


1 




2 


2 










FCD 


7 


1 




0 


3 










AVM 


1 


0 




0 


0 










No lesion 


3 


0 




1 


0 










Familial history of epilepsia: yes/no 


26/141 


3/6 




3/5 


2/3 


5.70 


1 




0.017 1 


DD first 3 months after surgery: yes/ 
no 

Preoperative psychosis: yes/no 


18/149 


1/8 




2/6 


3/2 


4.77 


1 




0.029 1 


7/160 


2/7 




2/6 


0/5 


0.19* 






0.026 1 


*F: results of analyses of variance with the four Engel groups as categories; x^: results of analyses of contingency tables. In order to perform 1 
tests, we have combined groups and examined the differences between Engel class 1 versus ll+lll+IV. When we were unable to use 1 
X^ tests, we have used Fisher's exact probability test with \|/ values. 1 
AVM, arteriovenous malformation; DD, dysphoric disorder; ETLE, extratemporal lobe epilepsy; FCD, focal cortical dysplasia; TLE, temporal 1 
lobe epilepsy. 
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(and other variables listed in table 2) showed that only 
dosage of levetiracetam was a significant explanatory vari- 
able (Wald=10.99, df=l, p=0.001, Nagelkerke= 
0.110). In the subgroup of patients who had improved at 
24 months, the use of levetiracetam showed 1 negative 
rank, 5 positive ranks and 17 ties, while in those who did 
not improve there were 16 negative ranks, 5 positive ranks 
and 166 ties. 

Table 2 shows the demographic data of the patients in 
this study according to Engel's classification. We did not 
use a p correction to examine these multiple analyses 
because these univariate analyses were employed to 
delineate the possible relevant variables to be used as 
determinants of independent association with surgery 
outcome in the ultimate multivariate analyses. There was 
a marginal but significant difference in age between the 
Engel classes. Tukey's post hoc test showed that patients 
in Engel class IV were significantly younger than those 
belonging to class III (p=0.011). There were no signifi- 
cant differences in duration of illness and age at onset 
between the Engel classes. The number of presurgery 
seizures was significantly lower in patients with Engel 
class I than in those with Engel class II (p=0.012 by 
Tukey's post hoc tests) and class IV (p=0.007), while 
there was a trend towards a significant difference with 
class III (p=0.068). There were no significant differences 
in number of presurgery seizures between classes II, III 
and IV. Table 2 shows that the number of postsurgery sei- 
zures was significantly different between the four classes. 
This was validated using the Kruskal-Wallis test 
(X^=150.62, df=3, p<0.001). Tukey's tests showed that all 
pairwise and post hoc analyses were significant, for 
example, class I from class II (p=0.004), class III 
(p<0.001) and class IV (p<0.001), class II from class III 
(p=0.015) and class IV (p<0.001) and class III from class 
IV (p<0.001). 

Unexpectedly, only a few patients were not allocated 
to Engel class I, and therefore we were unable to 
perform tests in the four study groups. Since the 



major aim of this study is to delineate the characteristics 
of a good versus a worse surgery outcome, we compared 
Engel class I versus II+III+IV using ^ tests or Fisher's 
exact probability tests. There were no significant associa- 
tions between Engel class I versus II+III+IV and either 
gender or focal epilepsy versus focal epilepsy with sec- 
ondarily generalised seizures. Patients belonging to 
Engel classes II+III+IV suffered significantly more from 
ETLE than those belonging to class I. There was no sig- 
nificant difference in right versus left location between 
Engel class I versus II+III+IV (x^=0.29, df=l, p=0.591). 
There was a weak but significant association between 
Engel class classification and type of lesion, that is, hip- 
pocampal sclerosis (HS) versus other or no lesions 
(X^=4.94, df=l, p=0.026). A positive family history of epi- 
lepsy, dysphoric syndrome and preoperative psychosis 
were significantly associated with Engel classes II+III+IV. 

Effects of epilepsy surgery on number of seizures and 
intal(e of AEDs 

Table 2 shows the number of seizures before and after 
epilepsy surgery. RM design ANOW showed that the 
number of seizures was significantly reduced by epilepsy 
surgery (F=6.45, df=l/185, p=0.012). The interaction 
pattern time x Engel class was significant (F=10.34, df=3/ 
185, p<0.001), showing that epilepsy surgery reduced 
the number of seizures in classes I, II and III, while in 
class IV the number of seizures increased further after 
surgery. 

Table 3 shows the differences between postsurgery 
minus presurgery use of AEDs as binary responses. The 
discontinuation of AEDs after surgery is shown as nega- 
tive ranks, the initiation of new AED treatments after 
surgery as positive ranks, while no changes in the treat- 
ments after surgery are shown as ties. McNemar tests for 
paired data showed that 2 years after epilepsy surgery, 
phenytoin, carbamazepine, valproic acid, gabapentin, 
topiramate and clobazam could be discontinued in a sig- 
nificant number of patients, while there were no 



Table 3 Effects of epilepsy surgery on the discontinuation of antiepileptic drugs in 189 epilepsy patients 



Drug 


- Ranks 


+ Ranks 


Ties 


McNemar or Wilcoxon test* 


Discon 


Phenobarbital 


7 


1 


181 


0.070 


7/37 


Phenytoin 


23 


3 


163 


<0.001 


23/61 


Carbamazepine 


25 


1 


163 


<0.001 


25/133 


Valproic acid 


16 


3 


170 


0.004 


16/46 


Clonazepam 


6 


2 


181 


0.289 


6/12 


Gabapentin 


11 


2 


176 


0.022 


11/20 


Lamotrigine 


25 


4 


160 


<0.001 


25/62 


Topiramate 


13 


4 


172 


0.049 


13/20 


Levetiracetam 


26 


15 


148 


0.118 


26/54 


Clobazam 


29 


10 


150 


0.003 


29/58 


All drugs 


92 


13 


84 


<0.001* 





The difference between postsurgery minus presurgery use of antiepileptic drugs is shown as the discontinuation of the drugs after surgery 
(negative ranks), starting new treatments after surgery (positive ranks) or unchanged treatments after surgery (ties). Thus 'ties' includes 
patients in whom the specific drugs were not changed and patients who were not using this drug. 
*AII analyses are results of the McNemar test, except the Wilcoxon test (z=-7.61). 
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significant changes in the number of patients treated 
with phenobarbital, clonazepam or levetiracetam. The 
total number of AEDs was significantly lower after 
surgery than before surgery. We were able to discontinue 
one or more AEDs in 48.68% of the patients, while in 
6.88% of the patients we started a new AED and in 
44.44% of the patients the AED intake was unchanged. 
RM design ANO\A showed that there was a significant 
timexEngel class interaction indicating that the total 
number of drugs was reduced in class I but not in the 
other classes. Table 4 shows that the dosages of all AEDs, 
except clonazepam were lower 24 months after surgery 
than before. 

Prediction of response to epilepsy surgery 

The aforementioned changes in the intake of AEDs 
after epilepsy surgery suggest that Engel's classification 
should be adjusted to reflect changes in AED status. 
Thus, it is clear that there is a difference between 
patients allocated to, for example, class I and who had 
their AEDs discontinued/reduced and those belonging 
to class I but who had an increased/unchanged AED 
intake. Therefore, we controlled for changes in AED 
state in two ways: (1) by adjusting statistically for effects 
of AED state by entering the total number of AEDs prior 
to and after surgery into the analyses; and (2) by com- 
puting a new index of surgery response based on 
Engel's classification and the AED state. Toward this 
end, we computed a new score based on Engel classes 
and the change in AED state from baseline to postsur- 
gery, for example, decreased intake of drugs: rating 1, 
unchanged: rating 2 and increased: rating 3. Thus, for 
class I, this yields three scores, that is, 1 (class I and 
reduced intake), 2 (class I and unchanged drug state) 
and 3 (class I but increased drug intake). Applied to all 
four classes, this method yields a severity score ranging 
from 1 to 12. There is a significant association between 



Table 4 Effects of epilepsy surgery on the dosage of 
antiepileptic drugs in 189 patients 







+ 




Wilcoxon 




Drug 


Ranks 


Ranks 


ties 


test 


p Value 


Phenobarbital 


12 


2 


175 


-2.684 


0.007 


Phenytoin 


43 


6 


140 


-4.908 


<0.001 


Carbamazepine 


65 


15 


109 


-6.378 


<0.001 


Valproic acid 


27 


7 


155 


-3.066 


0.002 


Clonazepam 


6 


3 


180 


-0.060 


0.952 


Gabapentin 


15 


5 


169 


-2.396 


0.017 


Lamotrigine 


42 


13 


134 


-4.273 


<0.001 


Topiramate 


17 


4 


168 


-3.047 


0.002 


Levetiracetam 


41 


22 


126 


-2.348 


0.019 


Clobazam 


35 


12 


141 


-3.219 


<0.001 



The differences between postsurgery minus presurgery dosages of 
antiepileptic drugs are given as reduced dosages (negative ranks), 
increased dosages (positive ranks) or unchanged dosages (ties) 
after epilepsy surgery. 



Table 5 Results of general linear model analysis with the 
Engel-derived severity score as a dependent variable and 
the listed variables as predictor variables 


Explanatory variables 


F df p Value 


TLB vs ETLE 

No family history of epilepsy 
Number of seizures presurgery 
Dysphoric disorder within the first 
3 months after surgery 
Use of gabapentin postsurgery 


16.04 1 <0.001 
5.19 1 0.024 

11.45 1 <0.001 
6.29 1 0.013 

7.04 1 0.009 


ETLE, extratemporal lobe epilepsy; TLE, temporal lobe epilepsy. 



Engel's class classification and this newly presented 
severity score (Spearman's correlation: r=0.592, 
p<0.001). 

Table 5 shows the outcome of a general linear model 
analysis with this new severity score as a dependent vari- 
able and the variables listed in table 2 and the drug 
state of the patients as predictor variables. Up to 25.2% 
in the variance of the severity index was explained by 
five variables (F=12.32, df=5/183, p<0.001): a lower 
severity score was associated with TLE versus ETLE and 
a negative family history of epilepsy; a worse outcome 
was predicted by an increased number of seizures before 
surgery dysphoric syndrome the first 3 months after 
surgery and use of gabapentin. Using a threshold value 
>9 for the total number of seizures before surgery 
showed a similar significant effect (F=8.99, df=l, 
p=0.003) , suggesting that a threshold value of 9 or more 
may be used as a predictor variable. Entering the use of 
AEDs, total number of AEDs and dosages of AEDs 
before and after surgery (at 24 months) as explanatory 
variables showed that none of these variables, except 
gabapentin postsurgery, was significant in explaining the 
severity index and that entering these drug variables did 
not change the results. 

We have also examined the prediction of the Engel 
classes using the same variables as in table 5 but consid- 
ering that the Engel classes are continuous classes or 
ordinal variables ranging from one (for class I) to four 
(for class W). Generalised linear model analysis showed 
that this Engel scaling was predicted by five variables: 
the outcome was better when suffering from TLE 
(Wald=20.33, df=l, p<0.001) and having a negative 
family history (Wald=9.21, df=l, p=0.002), while the total 
number of presurgery seizures (Wald=17.03, df=l, 
p<0.001), dysphoric syndrome (Wald=7.91, df=l, 
p=0.005) and use of gabapentin (Wald=8.19, df=l, 
p=0.004) predicted a worse outcome. 

Table 6 shows the results of an automatic stepwise logis- 
tic regression analysis with Engel class I as a dependent 
variable (classes Ill+IVas a reference group) and the vari- 
ables listed in table 2 (and number of baseline epileptic 
seizures >9, yes or no) as predictors. We found that five 
variables were significantly associated with Engel class I 
(X^=3L88, df=5, p<0.001, Nagelkerke=0.401; correctly 
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Table 6 Results of logistic regression with Engel class I as a dependent variable and the listed variables as predictors } 
Predictors Wald df p Value OR 95% CI, lower 95% CI, upper 



TLE vs ETLE 


12.77 1 


<0.001 


20.52 


3.91 


107.60 


Negative family history of epilepsia 


5.24 1 


0.024 


5.72 


1.28 


25.47 i 


Less than 9 seizures before epilepsy surgery 


6.40 1 


0.011 


6.64 


1.53 


28.77 1 


Dysphoric disorder first 3 months after surgery 


4.19 1 


0.041 


0.19 


0.041 


0.93 1 


Age 


4.90 1 


0.027 


1.09 


1.01 


1.18 ' 



ETLE, extratemporal lobe epilepsy; TLE, temporal lobe epilepsy. 



classified cases=92.8%), namely TLE versus ETLE, a 
negative family history of epilepsy, less than nine seizures 
before surgery, age and the presence of dysphoric syn- 
drome. These associations remained significant after 
adjusting (forced entry) for the effects of epilepsy loca- 
tion, type of lesion and focal epilepsy with or without sec- 
ondarily generalised seizures in logistic regression 
analyses. 

DISCUSSION 

A first major finding of this study is that there were sig- 
nificant differences in surgery outcome between 6 and 
24 months after surgery: our success rate at 6 months 
(78.8%) had increased significantly (88.3%) at 
24 months. We have performed post hoc analyses to 
examine the characteristics of the group of patients who 
had improved at 24 months. We found that there was 
only one significant, although weak, predictor, that is, 
use of levetiracetam. Thus, in a few patients, the 
increased use of levetiracetam postsurgery may be asso- 
ciated with a better outcome at 24 months, whereas in 
most of the patients no specific characteristics were 
detected. Already in 1970, it was suggested that some 
patients may show seizures after surgery that eventually 
remit some months to years later, that is, the 'running 
down phenomenon'.^ Nevertheless, our findings 
contradict one of the largest series of epilepsy surgery 
results, showing a gradual decline over time in the esti- 
mated proportion of patients who remain seizure free.^^ 
In another study, it was reported that the prevalence of 
Engel class I was 76.2% at 6 months, 72.3% at 2 years 
and 71.1% at 5 years. The prevalence of being com- 
pletely seizure free at 12 and 18 years after mesial TLE/ 
HS surgery was 65% and 62%, respectively.^^ A 
meta-analysis showed seizure control to decline over 
time, especially after 2 years. The risk of having any 
recurrence was 22% during the first 24 months and it 
increased 1.4% per year afterwards. Some of the long- 
term postsurgical follow-up studies supported the 
concept that the prognosis may improve over time, for 
example, less memory decline. One explanation of 
these contradictory data is that a running down phe- 
nomenon may occur in an initially non-equilibrium 
period, with an undetermined duration, and that sei- 
zures may reoccur after that time point. 



The high success rate of epilepsy surgery in our hos- 
pital (ie, 88.3% at 24 months) may be explained by our 
inclusion criteria, which are based on clinical semiology, 
24 h EEG and MRI, to identify patients with primary epi- 
leptogenic lesions. As a consequence, this cohort com- 
prises only 2% MRI-negative epilepsy and >90% 
temporal lobe surgery patients. Therefore, our findings 
may be more difficult to readily extrapolate to more het- 
erogeneous cohorts including high rates of non-lesional 
and/ or extratemporal epilepsy. Nevertheless, the associa- 
tions of Engel class outcome with the significant predic- 
tors (discussed in detail below) were not affected after 
adjusting for the effects of epilepsy type and aetiology in 
the multivariate analyses. 

A second major finding is that the efficacy of epilepsy 
surgery was reflected not only by the reduced number 
of seizures, but also by the reduced use of AEDs. We 
were able to discontinue one or more AEDs in 48.7% of 
the patients, while 13.2% of all patients were free of any 
AEDs 2 years after surgery. This discontinuation rate 
might be slightly lower than that in previous reports 
which showed that around 52.6% of the patients can dis- 
continue AEDs at 2 years without seizure recurrence. 
In another study, 28.1% of the patients had discontin- 
ued AED treatment 2 years after surgery and had 
remained seizure free, suggesting that there was no risk 
of seizure recurrence after discontinuation of AEDs.^"^ A 
meta-analysis showed that in patients with all types of 
surgery, 20% achieved long-term AED discontinuation, 
31% remained on polytherapy and 41% were on mono- 
therapy.^^ In addition, we found no significant associa- 
tions between AED discontinuation and seizure 
freedom. Other studies report that AED discontinuation 
may be a strong predictor for seizure recurrence in post- 
surgery seizure-free cases. Boshuisen et al^^ in a study 
performed on children with intractable epilepsy, found 
that AED withdrawal did not affect long-term seizure 
outcome but may unmask incomplete surgical success 
sooner, identif)^ing children who need continuous drug 
treatment. One of our analyses showed that use of gaba- 
pentin was a significant predictor variable for a worse 
outcome. In our clinic, however, gabapentin was not the 
first AED choice for seizure treatment and was used in 
refractory seizures that failed to respond to treatment 
with other AEDs. This may show that use of gabapentin 
should not be regarded as a real explanatory variable 
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but as a post hoc adjustment for possible effects of the 
drug state. 

The third major finding of this study is that a good 
outcome of epilepsy surgery, that is, being allocated to 
class I, could be predicted by TLE versus ETLE, less 
than nine presurgery seizures per month, a negative 
familial history of epilepsy, age and absence of a dys- 
phoric disorder. TLE was the most significant outcome 
predictor. This finding is consistent with most published 
papers showing that TLE, in the short-term and long- 
term monitoring periods^ ^ and in paediatric and adult 
patients, has a significantly better postoperative outcome 
than ETLE.^^ In paediatric patients, the seizure-free rate 
in TLE was 7L8% vs 59.7% in ETLE, whereas in adult 
epilepsy the seizure-free rate in TLE was 69.4% vs 45.9% 
m ETLE.^^ In ETLE, it is more difficult to localise the 
epileptogenic focus to a specific cerebral region and to 
completely remove the epileptogenic region without 
impairing the eloquent cortex.^^ 

The second predictor, that is, number of preoperative 
seizures, shows that surgery may not be the best treat- 
ment option for patients with many refractory seizures. 
A high number of presurgery seizures might indicate 
multiple types of seizures, unidentified multiple lesions 
or severe pathology or other factors negatively modifying 
the surgery outcome. We established that a threshold 
value of 9 seizures/month best predicted Engel class I 
membership, while another study delineated that more 
than 30 seizures/month best predicted a negative 
outcome.^ These differences between both studies may 
reflect differences in sensitivity and specificity. Thus, we 
established that <9 seizures/month significantly predicts 
Engel class I versus II+III+IV, while it is obvious that if we 
had used Engel class I+II+III versus IV, the threshold 
value would have been higher. 

To the best of our knowledge, this is the first study to 
show that a positive family history for epilepsy may 
worsen postsurgery outcome. There is now evidence that 
the risk to develop epilepsy is significantly increased in 
the first-degree relatives of people with epilepsy of 
unknown cause. Twin studies consistently show higher 
concordance in monozygotic than in dizygotic pairs. 
However, the genes identified so far affect risk in a very 
small proportion of patients, while most epilepsies occur 
in the absence of a significant family history.^^ In a few 
clinical studies on epilepsy with or without psychiatric 
disorders, genetic linkage is considered to increase risk 
of poor clinical outcome. Thus, a positive family 
history of epilepsy occurs more frequently in TLE with 
postictal psychosis than in TLE alone. A positive family 
history of epilepsy also has a significantly negative 
impact on the quality of life.^^ The inverse relationship 
between a family history of epilepsy and Engel class 
outcome may be explained by mutations in specific 
genes that are related to a more severe outcome, includ- 
ing drug resistance, and distinct neuroradiological find- 
ings as have been observed in benign neonatal epilepsy 
or benign familial neonatal convulsions.^^ However, it 



is unlikely that single common variants could explain 
more than 4.4% of outcome variation in newly treated 
epilepsy.^^ Therefore, it should be examined whether 
multiple common variants may underpin increased 
resistance to resective epilepsy surgery. 

There are only few studies in adults that have exam- 
ined age as a predictor of surgery outcome. In indivi- 
duals aged less than 50 years, 58% were allocated to 
Engel class I, while 74% of those who were aged more 
than 50 years and 91% of those who were aged more 
than 60 years were allocated to Engel class I.^^ There 
were no differences in surgical outcome in terms of 
medication withdrawn between older and younger 
patients (threshold value=50 years), but more surgical 
complications in the older group. Previous studies in 
children or teenagers showed that early surgical treat- 
ment correlated with a better Engel class outcome. 
In our study, however, the absolute differences in age 
were very small. Therefore, further research should 
delineate whether age at surgery contributes significantly 
to Engel class outcome. 

The fifth predictor of surgery outcome is dysphoric 
disorder, that is, labile and irritable mood emerging 
within 3 months after surgery, but most often the first 1- 
2 months. While presurgery psychiatric factors are iden- 
tified as predictors of a worse surgery outcome, few 
studies have examined postsurgery psychiatric predic- 
tors. Epilepsy is accompanied by the interictal dysphoric 
disorder, characterised by intermittent affective symp- 
toms including labile affective symptoms, paroxysmal 
irritability and outbursts of aggressive behaviour. 
The prevalence of interictal dysphoric disorder (and 
having no depression and dysthymia according to the 
MINI) is around 48.2% in patients with epilepsy 
There is some evidence suggesting that interictal dys- 
phoric disorder and peri-ictal dysphoric syndrome may 
be separate syndromes. Therefore, it may be hypothe- 
sised that dysphoric disorder in the early postoperative 
period is in fact interictal dysphoric disorder and that in 
those patients subsyndromal seizure activity is present 
despite surgery, thereby predicting future clinical sei- 
zures. Future research should delineate this symptom 
complex in association with surgery outcome using the 
38-item Interictal Dysphoric Disorder Inventory 
(IDDI).^^ Emotional reactivity is a psychosocial stressor 
increasing circulating glucocorticoid levels causing an 
increased vulnerability to amygdala kindling.^^ Kindling 
is the process by which repeated minor stimulations 
(electrical or chemical) of the brain are associated with 
epileptogenesis and the onset of mood disturbances.^^ 

The limitations of this study are the shorter follow-up 
period (24 months) and the lower number of patients 
not allocated to Engel class I as a result of the unexpect- 
edly high success rate of epilepsy surgery in this cohort. 
As such, the results should be interpreted with caution. 
Future research should validate the predictors deli- 
neated in our study and use the IDDI to score severity of 
the dysphoric syndrome. 
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